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Mfir - 9 fcJE tTfilE-X A -y f- y ^^fc Br^Ea* 

ft*®affs«„ 
[ii*ii2 ] friamsi. assail «t "9 sai3*ut 

t Tgft $ *i£afc*i£ £ USE L T fflEilftBMI] ^ 

t- i»fi*ii i iztm^temmimw, 
^y-ti^-ymm. 

friax ^ 7 f y rm- <n* ymzmi&mmmzim § 
*xft£Wt7^\ SSga^'fflfM^liJ; o^tft^ 

L ^fiffltTJ fc J: -s T tut E ^ A Mt> h ilfiffl#41 t r 

-?zmimm%&mK ^ummmimmmzx g 

±fc5rS±otS£LT*&ii:S1taf:-rSil*a2 

tiEt^Hjifisao 

[||*II4 ] MJBIftJtgii. A iV £ FW 
SSffitffM^ft ; i: J: 0 , Sn /^ttflifa 
m¥%A~VMzfoMl. ffrlEMfir-^iiLTW 
lE'liiR^lclE'li^ix^T-^ ^frlE^^f /W^iMfft-S 

^^y*-KT'*§it^#at-ri>. if *ii 1 — it ^ 

if 3 v ^^!E»o*IK)ifi ^S- 

[^<r>f|»§J0J?] 

[OOOl] 
[00 02] 

^WA ■ s^y^-r**^ 
y *mi h m&mm&commz . mwmm^- 9 

tst, fflfr^aiftgs^ (A ■ 3S*§^-k JtM^y 

aft mm zirix m& ^-tzmmi-itizx 
0, mmmzmm-imfczmmix , a- 31*01 



[0003] ^tT. c\aM^mmy^TMziiuxm 
-2 1 2 5 89^*tiB^§fLT^SJ;dt. ilftffl 

m-tixd izitzmm&mmcDmmimm, 

(±> M^(f !fffflBS5 5-1 149 7 4^«t#*ft« 

s. 

[0004] 

m^mmmimmxn. mmm^hmmmzx 

, T-^il^^«>^eH*fr3ra £ t tfX'*t£< 
IMft^lTIi:. 5ifiBE«^<*-6t, Ififfi^^ 
fcr - ^ * jgjU-fS i t fr'T^ * ^ i t &t> 0 , fflftSg 

[ 0 0 0 6 ] jf fc^mz, xtm^Ltz »» a »a 

t ± t — ^ wsbr 0 -c ^ ft i. o iz . aft mm zm< 
o itzmmzftftmi hzb ffX'% imzzmmi-& 

ZbtfXZ^frifz* 

[0007] *?|Hj(±. ; a Ltzmm&m^titzh 

§ . t^^/hM ■ (BMfcfcggfcHS i t «t§ ftMH 

afi^a&ffif*t-ft i t & a»t -r ft . 

[0008] 

[HM&»^ft^»w#K] ^^ft mzmm-hiz 
wz^titzmim.i^zim^mmmmi, ^ajv 
%%timkm> . ^WMmzmmmm\mthtz 
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«^ ^mmm^y-ti zbizxv. ^mmm^^i 
^mi. *<m*4 >y*>rmrF**7LKm^ z 
mmifz^A^'izx^^mmm^m^x. 

r? a t> immm\(m\t m& -e s . 
[0009] ;^«), *fg0J!^*E®afiSStfc^ 

T, afiffl^ffl^T-^^iifl^i^ilfiSEiKi. Mil 

wmm&xA y^ym^£*>^z>*>mmzk *) 
zbiz^yj. mmcomrmmm^mmmm 
mmcomz. mmmtf. mmmmm-mmztix 
<mmm^m^izmm^ii^itm^\ m^x, * 
muz ma. mmmmmmmimmmiizit 
<x . mimm* ft <-tizb a*ra * . 

[ 0 0 1 0 ] *^WM*affgBtfc^T«i. 
iMfiffl«*iIi£S: £j£tl> ?UI8S£ ffift 1= i > , 

■ mM.tt.mz z t * 0 * K%sm*wmt 
m^^x\ m*v3im*.&zti>-c%&. 

/M- (sjt-fb. wrttsaooo, afisasi£ft<t 
izb h <r)X\ mx g wmzms&tix \vt 

gat ituf , mm mm mu i^mmmii 
z t tfx-% icox\ nmnmtzxMffc uz^z&. 

Witt<r)W5*&<-thZbtfX%h, L*»U *56^iS5 

xmmh x o izmm-ti z t m.z i < . zmzmz 

zco%mmzx^zixkffimzm!fcLxmmfm 
t> ^tsmimmts z s sa^ia ttzi*) «t 

[oo i3] -tuT, znxitzm&ttiu* mmmz 

•thzt trc* &,±tzz «o*&. m^mm^mmm 
tmimcDMmmmuz-t&ztx\ gm^mm 

[ooi4]-*, ^meymmimmztiux . a 
mmz&<i-z> tt±. mmfp^mmmzmimm^ 



xa >vi->mTm>mWi*&<i-M£, am 

[ 0 0 l 5 ] -clX^iz. IfcRJJUKiEffcOJ: viz. 

si a tsfitfKLfc^tti. aft gg«^^< -rs^y) 

tt-ciE^i&ff L#§Kii*%< l± w mm. 
Mt>m->xm<%&zkm&„ 
[ o o 1 6 ] tMoT. *niffsa^- afiffl«j: o 

-f v f - y ym^m y^m % . it 3 tisa« j; a t 

xa v^ym^my^zmmmz®; 
® itzmimnj] ( «i»t#nf *isia»t#»stifex 

mmm^mimm^^mmm^nxjE'm 

[ o o l 7 ] * L-t; coJ; -5 iz^y^mmk^thii . 
■tma±, xa >vj-ym=?my ■ Ttyizx vim 

muny>m l tzftWMUM IMXWZUZiil - 

K*s<*^^;t*»t. T~?mmm&xMm& 

<^xoZk1fiX^h, 

[0018] ttzmz, ^m^mmimmt. if* 
izfcMi. mtT~?k ix^mm^izmztLtz 

&Zbi>X'%&, 

[00 19] ZLXZWXdlzt^Vti-VmtfLUz 

z^K-tz z b vxz h cdt\ %<m mmmzm^xz 

&#-rs^^U*-F (fifflll D^-F) {zXMfcfh 
Z b J: <0 , K^SMP^FJTjgftl^OEtiA 0 P#^a 
iirtS A?)^ -/ ^ * . fiJWt*^ =E U „ 

zbtf3ft.iotix^h -by mim 4 ttea« i 3 c , * 

^BH<7)iEHaff ^ * U * - F fc LTMttMf . 
d 5 LJtiESaft^x^i.&^t^igT"^ 6 ± -3 fc£ 



(4) 



WBPF9-3 2 1 652 



[00 20] 

[ WMmmmm ] vmz*m<mtm wis 
nmxmm-ti x z i mxmm ltem, r<mm 

[ o o 2 1 ] hi tsrfHK , *»w«aftvxf-A 
o t . mmtmfetz i DT-^&^EMP&as^i 

-b'3 0ii, #«WcTT-?fi§£fi^MfI 

- b* 3 0 ^LT#ftl4(c -ClDf^1]*f*^-r^mi]f* 

[00 22] T-^fSKSK 1 0 (i, ^ t <J K 3 0 
^m^ffi^ffl^K3IiS*%^"«.*jgf5 1 2 . 

s»i4t, 2u>t><?mi r-mrvrx a i 

S12*>^a}^Jt|3I«I$itS|S|«I[lIfflH8i:, RfflHI 
SI 1 8 tT»f$§ 1 2 a^OflWj i 3 tf£Mfir- 
*fcJ: 0 . HffiS 1 4^^tt7j£Si»r&^i!IE[ 
ffi2 0 fc . SSNI1IK2 0KTfilB9I3*ifcfI#*ifSS 
iETyTi-A2iiYLX^^ 'J#-b3 Ot&fttSi* 
ffS2 2t, ^^>J*-H3 0*^<7)iMffff^iMSfI 

ryr^A2&^t-csfit-i>Sfflf24t. ;<osm 

«fflM2 6 fCflftl U:* * U b 3 0 ^£><DiHfi 

SVMgfiryr^A2(±. ^yfyfci, c 

2fc3^Ll, L2fc^*£ft»S£fcT«£:fl 
g 1 0 tO^ff 7>ft A 1 A^SHt $iX7t«S«Sr»l 

■t&%HT>Ti-Bib. -oSftryf-^B i txg 

S£?n«y?CK£^^;&?n>y?£)iilIF»34fc, r 

-^Mixsg i o ^iisfir yft a 2 a^essfntf- 
^MSfiry^B2^^LTSftt. -e^sam-i* 

^7 ?£j£EIB& 3 4 tT4ijS$tl^»^ n ■/ ? C K 

£fflivrfiift-£fJii»3 6fc. Hi*.*. 

[ 0 0 2 4 ] Sff 7Vft B 1 ftl/j^t 7>f 



ny-fy-9-C3, C4fcrM/L-L3, L4fcA»& 

ftBl, B2£fM-fl>:M/bL3, L4«\ =W/b 
y y & EpJSiJ-T 5 A 1 , sSi «¥ffi«0 n A >V^ D # 

»j*-F3 oomsi. Sftryf-fB 1 tsi0S3 

[002 5] ifc&fc. ^*y*-b*3 0ttt, ?n«y 
^4flt0» 3 4 K«J^»^n7 ? CKttl 
ffU fiPllF»3 6tTaP§^T-^]lSgll 0 

^nnyti-^H^rf SWEK4 0 tffii 6ixT ^ 
ZLX. SM0S#4O«. fiKEflL j&W4«fffla 
S&3 6*^<7)iMfir-^tJiE!:T, ^*>J 4 236*6 I D 

r-i ? ^^ ii^k l . itirm t-? t ix^mm 

O^^tii^SnSilftT-^tJEtT. MSftTyr^ 

B2fc«aiaj»3 2*>^co«asai*5>f>' («smj±v 
cc) i:oiatKtt^fe^>f ^y^lfsw^y ■ 
*7U MSfiryT^B2^6Mffr-^tKt^m 

[0026]^c0i3 t«$£ix*:#SlWJ^jIfiy* 
fATIl. T-^iBRillll 0*^', jMftTyr-tAl^ 

£>^y#-F30 1 fi 1 * 5 feftwiftiSifts 

SB#SfIt- £ . ^ =E U * - H 3 0 iJTIi , r- ^ 

mmmmi o^mmzx 0 , sit ryr-^B 1 tm^ 
mmmmm%m?t> t , mm.m% 3 2 *^^sfi 
t^ma^ssiE-r^ ; b nz x 15 e ^mm.-h (mm 

mffiVcc) &4e!cL. ?ny?4ifi«3 4£\ gffL 

isa, >t^y^-K3owra0K^e»u, 

4 0 *i I D r—?W<?Mfc<7)mm f-9 ^ y 4 2 ^ 

3 8**; «o j*ftr- 9 tzfcux A f - y sw^^ 
y ■ *7tx. fflET-?<znmifc&timit*&&fE 

<7»Mff ma{± . T- ^ iik^s 1 0 oiisfi rvftA 

2tcTSff$tL. aiffl0SS2 6tTfXM$^fA. l^ffi 
[0027] -$-5 fcEM&tt. ^«SffT-^t«^ 

^ ^ y ts~ y 3 0 «FJt^^&«is ix . Eiftp^ k r 
vmmwzmob^ &mzmtXT-mwm 
m 1 0 tMfir-?£ ffi^ts i 1 1 j 0 . T-^Mffi 
gg 1 0 fr^ijw 1 s , ^mmm 0 , MftS2 2 

L T 3* gff T y r -t A 2 * ^ =6 y * - b 3 0 fc . 

-r - ^ w&mm v r - ^ Se aj s « r - ^ & ayt $ ^ 
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i.XT~?immzti& k^^vz-vs otitic 
*m*$rm&mT>Ti-B2£x%mistL. mum 

3 6tCTfltI£ixT. MfflHHS&4 0tA*SfL5. "tS 
ft 7 >• f"t B 2 iil I X t - ^tBD@H 1 0 tf- * * 

[ o o 2 8 ] z j iz. ^mmmcmm^^^x 
mmzxs±vfi~v3otfmhL. i Df-?i&f 

-^IMXSgl 0fc3Mfft-|>OT*^*\ &fcy 

[0 0 2 9] £fc02fc£iUT. (a) tiSOTK 3 8 
^3MSft7 y ft B 2 I * ^ U * - b* 3 0 Of- 

9mm?mmmhL, ( b ) ii^nt5iss3 &<m& 
ZikbL. ( c ) (i^ty^-F3 o iui*sft7 y ft 

B 2&tfT-*iaJK8H 1 0 fIMSfi7yft A 2 ^» 

[ 0 0 3 0 ] 02 ( a ) tiSi-J: a 3*gfi7yf 7 
B 2 (± , 3 y f >HfC 4 t r? ^ L 4 t 

ffi^'x^ 7t y^»? swzjfixmmyj y (msm 

f Q = 1 / (2XiX/TT 

[0033] .roam, T-^iHsaai 1 omxn. & 

Sft7yf7A2f0rj^;|/L2(c. lA )\sL4frt>co% 
=fc 0 , fSW@K2 6 frt^ y H 3 0 fr$><7MmT 

-9tmm^tih, ats, ^mmmxit, ^y#-b 

3 0ftcomm7v-v7CKli, f-^MSKl 0»> 

wix^&ibfrh, T-?wmmi oiiitT. mm 
mm 6 ^tu k 3 o *^coMft t s-an-t 

miX3 4JVL2 ffME VL2 D , €ff VL2#J3 
«f 0 tcT^LTUMff-^ft^'K «EEVL2*« 
-ST-S)ix(ff-^ffl* 5 0. -CfcSi: LTSftf-^2: 

[ 0 0 3 4 ] ico J: o {z. *§©5iM^»fI;/Xf &x 
(is ^y#-F3 0^£>f-?fjEffiI£gl Otf-? 

7yf-7B2^«t-|»LCftfi@S^3^;^L4tx 

Wlli, 7fy/»sw^7 Lfc 



02 (b) tsrfi^t. mmmmo$*t>3&?vv 

. y ? C KfcHSB tTHI^JKOa^. Mfir-^ S 
a Mil (HighUKjl) X'foht^zm-f, fftfcJVVX 
BTonfiOSiWi^-S b £;U 7fy^lfSWtffiAL 

[003 1 ] 02 (c ) XA yj- 

y/if s wa^ ytfJBifcj, s & - MSff 7 y f- -t b 2 

C0n>f^L4OiS5Smj±VL4(imilSmj±Vcct^^, a 
-f^L4t(±, VccXt/L (fflU t :^-f.7f-y?" 

*?swcD3ry^NSI. l : a4A,L4v>4yy?fy 

x) nmmiummi. lxiw /2^x^w# 
mztiz. *Lxffi%<Q*y&fflTmim&Lx. xa 

•y f - y S 7 ~th t . 3 >f )V L 4 t S» $ 
JtX^l/dftJ: D . nyf ynfC 4t3-f/H4i:M 
^^LCitJiES^'SfiL. a^f;WL4ti±, ^S(l) 

4*>/5>JSIjft»fO «W4t^ ^-tT. iOftS 

watti. ifcacsd) tfc^Tcfinyf y^c4«o 

[ 0 0 3 2] 

[»1] 

xcT) -0) 

■yf- y^*^ sws^-yt&^-y^isiTont i y$££ 

1 o /,^}*f^c£R»i-i. .r t ct *r?-? ma 
tmmmmmcommmimm t ixm& uztzco 

*Hffi^J(c * t y * - K 3 0 

[0036] t7t*^fftWT"ii. ^'J*-P3 0*^ 
©f '-^J^ftt. LC JtffiEIfficO^&Mffl-f S ^ tip 

^.^^y^-b30 '-^iii^iiSSMt 
tLH\ ^ =e y f 3 o comimtmmzM <t&tz*b 

X%h. 

[0037] tfzmz, *mmmxn. T-nmmw 

1 0 y H~ Y 3 0 t«:flffiiteffl<7)MK5iift$: jHf! 

L^^y^-b'30 Htrti . i ^se t t» 
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SSI O^^Sftfc^ffi^fflcoM^iS^^i^SJ; 

i Hz s tiT o . t *> t, . r ireffiss i o H-ca . 

f&art signs i 2frt>v>tuj}*mm-t&ztfrt>. f 
-mmm i o m txvj #-v3o m t Tr-?m 
9 A s y ? £-ic£ s ; t #t # . s5«5St 

[00 38] fc i *>t\ 0 1 

=fc KM , r- ^fMXSB 1 0 ^r- * £■ iMfl nr^5riMff 

^TfgBE«Sr. xa vi-ym^$wmymmiz£r)& 

mizWtfctZ Z k CKO^fi^rfiSIBtS: fi< 

•TSitW^ ^W[II8&3 8#OU 'i/f-y^fSSi^SW^:* 

r>7-i-B2tzmmti&mmm*j]P r&mtoL (0 

3(a) #H§) , ^t'J*- F 3 O^IE^iJf^t^ii 

[00 39] -5*0, ^fSStWCti, ^t'J*-h'30 
tfr-^ftJDSIB 1 0*^^ji3i^^SfItT»fft-|. 

(±, 03 (b) fcjjctfcK, r-^SBRigllOt^* 
>J # - F 3 0 t ^ra^SEESI ( SifflEEffi ) fcJKlX&ft. 

^y*- f 3 o fttcsffm^sf^i^sa 

*^ ( Miif 0 1 izjmx^rtzi yf>fC o ) j&fifirn 
teOftSi:, ^^e'J^-H 3 O^iESiftfNLflSiifi 
PJ^HtW. x^ v-f y^s^sw^y^tciMSftr 

^mmmzxrm^tiimrmmtip its-muz 

k. **y#-F3 0t£E&iWM&<&£W\ ;* 

* y * - f 3 o tfjE^mmm^mmmmte. &m 

[0 04 0] -U. 03 (c ) iZ^-fXoiZ. 

(Eon+Eoff) - (Pon+Poff) 

©setiuvc, Eoff a, r-^iiHiSf 

t^ftJMW (MS?n-y?CK^jfSI) rttx^yfy 
m=f- SWm7imt%:h*7VffiTatf (02 

(b) #E) ft-c^in^n^u Poff n^mt 

[ 0 0 4 4 ] ja±, ^SKBiO-iaSffltov^TiiBBLt 
*e>ffii«£ t § i k /'.•' ,'' .I ; & , fyU(i\ ±IBHffiWC 



- F 3 0 ^ A> r- JXSB 10tf-?* iMfi^Tt^ 

mmmmma. xa ■■> * >m=f- swo* >mzm% 
mTy7-rB2£.ffl&zti&mmmmj]P r wtw-s 

*ur mm m^-nj] t it airt i> « t-\ ^ oaftp^m* & 

§ . fiH t . Mifflm^ p r &±mjd LT£fi^SBi£ 

totcSff ffl«* p r £ ifjn L»r h k . * =e 'J fi - F 3 

ten , ^i^rt ^ < -r 5 i k kx% % < % h <7)T' 

[0041] zzT^mmmxn. $mm9&38tfxA 
•v f - > TUFF S W£ * yt h * y mwvoni . * y ^ 

- F 3 0 £ is V . r - ^ MKS* 1 0 A* & oaftra 
O^^raTonii, ^ * >J F 3 0 *^^jlft™g 

wmmmmn \-t % >). u?i. mmATs 

B2lZimZiX&mimnjjPr= (VccXTon) 2 / 

(2xl)^ ^^y^pffsw^y««rc*l> 

t * V&m Wl E on*^ ^ f CO t § «0 P onS: 

(Eon-Pon) £IT t * 4 i 5 tlftS 

F3 0^iE#«)^t^lEHrt-C'\ ^ft^SEffi&ft* 

[0042] ±IE^f4 ; (i. ^ J EU*-K30p"gfc 
•2f,<'U y & Sffi^If g^^ft^ *^ < * y * - F 3 
0^'»tm^&'c^4 4 MaC^^rX'h 
'). MfJiMilz£M'C>i<ltzX ; >tz. MM»S3 2« 

awi 5 >r > ( mm ? a > t < > t «ra > , 

l^S»ffl«3 yfyf C oMIt^^S i 3^1 

o tzwrnttenjizmm LxmtitTyri- b 2 «ift 
(i. x^f ■y^y^m^-swmymmToni, x^va 

- F 3 0 *» & oMff «TSgBESl**S& f^lgEE«Jil± t =5r 
0. fi-?. ^(2) £«E^SJ:5£igi&tfU*J:^. 
[0043] 

S (VccXTon) 2 / (2XL) ■■■(2) 

^LC4t»stmii5^y (^iimEVcc) t<m 

lizWfthbnt LXtmLtziK xA 7fy/ffSW 

& . ^ y k Lc±m®® t k<rmzmi& x 

o iz lx i> . ^^e y a- f 3 o & ijeniMfc isiatiij 

[ o o 4 5 ] mmmmi. m^rn 7vftB 

2 * fls^t § l c ftS > «il 7 •( y k nfflzwuaz 
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x^l^Smf fti^fc LTfMHLfc* 1 . Mil (404 

(a) LC*fiWi;€il7>f y («S 

tJ±Vcc) tCO^ZXA •yfy/tfSWl LC* 

mmm=i a jvl 4 t^yfy^rc 4 t^mizxA 

m 8#^tiJ7J£M yA-? I NVtTSKLTA^ 
•ffti^fcffij&LTii^ 
[0046]^ LT^J; 5 fcffifiWlif. 04 ( b ) 
fc*-t*tK, ^tffl0S#3 8*^»fi^Sb (Highly 

#'tij7J§;fxTuftfc#t;:, xa .yfy^'if swi 

^DtH1^3 8*^«ffi»fl^-Sb (HighV^/1/) ti 

9, -yf y/ffsw i yf>f c 4(: 

TOUtEVcctfEPJDSfu 3yfXfC4C C X V 2 
*3\ S3ISEI»3 8*^«0ffilWi#Sb*«Low WWfc 

fyfy/*fsw2^-y^yu, lc#S[his§ 
cor^-r^MSftft ; t . l c 4±fini^sfi 

tT, =M/PL4fc£f|1tMj&WU 3^f^L4*^M 
ftft f 0 cOjIfi*** 1 ?!^ ft i fc t& ft . T . CI 
coJ: 5 tzLXl>±MS£Mffik Mzm^iETyfi-B2 

frt>mmT-7tzmt£:nmmLn: . r-^mmm 

m 1 0 filter-* £iMfttft £ fc j&*CS ft . 
[0047] afc&fc, iiEHttWCJi, Mflr-?# 

fii (Highy^) T-*ftt$te^iMS£3 8^ffl8 
?n v ? c K cisisb LfcB^; wxB<0K1WI#s b * 
ajjjLT. xa 7fy/lfsw^ty ■ ^7$^ft.r 

1 1 ± o > 3 ^ l 4 &t>mm T- * //ft i -?•$> ft 
mttmmm^ *xmw tfc#. *iate «t 

(4. Mil r- * tfm l fc ffi 0 <ry®& fc TSIfimife 
ft MlSiMti^oafiSST'* t *> 
^zMMXt ft . 

[0048]«,|5 (a) IZijttX 0 MSffT 
f 1 = 1/ {2X JtXvTi 



> -r+B 2 irffiE^ft L C Jfc£OT8f fcfl«9 -f :. 
^EVcc) b^ZXA -y^-y^S^ SWaSrISft. L 

cftigiiis<7)3yTy-9-c4t. 3yf>fC5t^ 
•yfy^tfSWb fc «E?ij0S#&MWS^-f-ft „ t 
fc. ^i3M3 8tei4. ffll^n7?CKSAAt4; 

LX-%ftfflZWigh K/P fc * ft ffilMi ^ & ft* § 

■£ft 0 x>f .yf-y?'«^swbte(4, iiJ»0ff^4 

0^»?nv?CKte^«LT^£tlft£fir- 
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(54) [Title Of the Invention] RADIO COMMUNICATIONS DEVICE 
(57) [Abstract] 

[Object] To provide a radio communications device capable of 
communicating longer distance with less power consumption, and 
of easily achieving reduction in size and weight. 
[Solving Means] In a memory card which receives and rectifies 
a carrier wave transmitted from a data reader to generate 
operation power and a reference clock, and which transmits ID 
data in synchronization with the reference clock, an antenna 
B2 for data transmission is configured of a LC resonance circuit 
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consisting of a capacitor C4 and a coil L4 . In data transmission, 
a drive signal Sb with a predetermined pulse width Ton is 
outputted from a modulation circuit 38 only when a transmission 
data is 1. This drive signal causes a switching element SW to 
be turned on. As this result, when the switching element SW 
is in the on state, energy is accumulated in the LC resonance 
circuit. After the switching element SW gets turned off, the 
energy causes the LC resonance circuit to resonate, and thereby 
a radio wave at a resonant frequency is generated from the coil 
L4. 
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[Scope of Claim] 
[Claim 1] 

A radio communications device, characterized by 
comprising: 

a resonance circuit which includes a coil for generating 
a transmission radio wave; 

a power supply for supply the resonance circuit with 
transmission power; 

a switching element which supplies the resonance circuit 
with the transmission power from the power supply; and 

transmission control means which keeps the switching 
element in the on state for a predetermined period in response 
to transmitted data so as to store energy in the resonance 
circuit, which causes the resonance circuit to resonate with 
the energy after turning off the switching element, and which 
causes the coil to generate the transmission radio wave at a 
resonant frequency. 
[Claim 2] 

The radio communications device according to claim 1, 
characterized in that the power supply includes receiving means 
which receives a carrier wave that is for power supply and is 
transmitted from a communication counterpart, and rectifying 
means which rectifies the carrier wave received by the receiving 
means to generate power for an operation including the 
transmission power. 
[Claim 3] 

The radio communications device according to claim 2, 
characterized in that an ON time during which the transmission 
control means keeps the switching element in the on state is 
set to satisfy the conditions that 

the transmission power supplied to the resonance circuit 
when the switching element is in the on state is egual to or 
less than power calculated by subtracting power consumed in the 
device other than the transmission power from power received 
by the device from the communication counterpart, and 
furthermore that 
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a distance where data can be transmitted to the 
communication counterpart from the coil with the transmission 
power supplied to the resonance circuit when the switching 
element is in the on state, is equal to or longer than a distance 
where the device can normally operate by receiving the power 
supply with the carrier wave from the communication 
counterpart . 

[Claim 4] 

The radio communications device according to any one of 
claims 1 to 3, characterized in that the radio communications 
device is a memory card that is a flat card in which functional 
components including the coil are built with the coil formed 
on a substrate surface in the card, the memory card transmitting 
data stored in a storage element, as the transmission data, from 
the coil. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a radio communications 
device capable of transmitting data to an external device. 
[0002] 
[Prior Art] 

A communications system for individual identification 
and management has been known. In such a system, responsors 
capable of storing data for individual identification and of 
transmitting this data, are provided to given entities 
including people who get in and out of various facilities such 
as a parking lot and recreation hall, and commodities conveyed 
on a conveyor line in a manufacturing factory, delivery center, 
and the like. Moreover, a communications device capable of 
communications with the responsors is provided to a path of the 
entities (such as an entrance or exit gate, or vicinity of a 
conveyor) . Thus, the communications system reads the data from 
the responsor through the communications device to identify an 
entity passing through the path, and thereby automatically 
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performs a predetermined management operation such as an 
entrance/exit restriction or switching of a delivery 
destination . 
[0003] 

A conventionally-known responsor used in this type of 
communications system is a carrier-wave reflection type radio 
communications device, or an oscillator built-in type radio 
communications device . The carrier-wave reflection type radio 
communications device as disclosed in, for example, Japanese 
Unexamined Patent Application Publication No. Sho 62-212589 
includes a resonance circuit as a communication antenna. While 
receiving, with the resonance circuit, a carrier wave 
transmitted from a communication counterpart, this device turns 
on and off a switch provided in the resonance circuit to change 
the resonant state of the resonance circuit. Thereby, the 
device transmits, from the resonance circuit, a radio wave 
obtained by modulating (for example, amplitude modulation or 
frequency modulation) the carrier wave according to 
transmission data. The oscillator built-in type radio 
communications device disclosed as the prior art in, for example, 
Japanese Unexamined Patent Application Publication No. Sho 
55-114974 includes an oscillator which generates a carrier wave. 
The carrier wave from the oscillator is modulated according to 
transmission data, and thus a radio wave is emitted from a 
communication antenna. 
[0004] 

[Problems to be Solved by the Invention] 

The carrier-wave reflection type radio communications 
device modulates a signal that is induced to a resonance circuit 
with a carrier wave from a communication counterpart, and then 
data is transmitted. For this reason, if a distance (a 
communication distance) to a communication counterpart is 
increased, the signal induced to the resonance circuit sharply 
becomes small, and this results in a problem that modulation 
for the data transmission cannot be performed. In other words, 
as the communication distance is increased, the carrier-wave 
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reflection type radio communications device can even receive 
data transmitted from a communication counterpart, but cannot 
return data corresponding to the received data on some occasions . 
As a result, there has been a problem that the communication 
distance cannot be increased. 
[0005] 

Meanwhile, the oscillator built-in type radio 
communications device uses a carrier wave generated by an 
oscillator for data transmission. Accordingly, even though 
the device can increase the communication distance, there have 
been problems that the power consumption is increased because 
the oscillator is driven, and that it is difficult to reduce 
the size and weight of the radio communications device because 
the circuit configuration becomes complex due to the 
oscillator . 
[0006] 

In other words, since a responsor is to be carried by a 
person or to be attached to a commodity, the reduction in size 
and weight as well as power saving is demanded. Furthermore, 
there is also a demand for communicating longer distance so that, 
for example, data can be read while a user puts the device in 
the pocket. However, a responsor that can sufficiently satisfy 
such demands has not been provided by the application of the 
conventional radio communications devices. 
[0007] 

The present invention has been made in consideration of 
these problems. An object of the present invention is to 
provide a radio communications device capable of communicating 
longer distance with less power consumption, and easily 
achieving reduction in size and weight . 
[0008] 

[Means for Solving the Problems] 

In order to achieve the object, a radio communications 
device as set forth in claim 1 includes: a resonance circuit 
which includes a coil; a power supply for supplying the 
resonance circuit with transmission power; and a switching 
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element which supplies the resonance circuit with the 
transmission power from the power supply. When data is to be 
transmitted, transmission control means keeps the switching 
element in its on state for a predetermined period in response 
to transmitted data so as to store energy in the resonance 
circuit. Thereafter, when the switching element gets turned 
off, the resonance circuit is caused to resonate with the 
accumulated energy, and thereby a transmission radio wave at 
a resonant f reguency is generated from the coil in the resonance 
circuit . 
[0009] 

Thereby, according to the radio communications device of 
the present invention, a communication distance in which data 
can be transmitted to a communication counterpart is determined 
by an ON time for which the transmission control means keeps 
the switching element in its on state. Unlike the 
above-described carrier-wave reflection type radio 
communications device, the communication distance is never 
influenced by power of a carrier wave transmitted from the 
communication counterpart. Therefore, according to the 
present invention, it is possible to increase the communication 
distance in comparison with the conventional carrier-wave 
reflection type radio communications device. 
[0010] 

Moreover, in the radio communications device of the 
present invention, the resonation of the resonance circuit is 
used for the data transmission, and thus it is not necessary 
to provide an oscillator that generates a carrier wave for 
transmission. For this reason, according to the present 
invention, it is possible to simplify the device configuration 
and to reduce the size and weight of the device in comparison 
with the above-described oscillator built-in type radio 
communications device. Moreover, since it is not necessary to 
drive the oscillator, it is also possible to suppress the power 
consumption . 
[0011] 
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As described above, according to the present invention, 
it is possible to achieve the reduction in the size and weight 
of the radio communications device as well as power saving, and 
concurrently to increase the communication distance. Thereby, 
it is possible to easily obtain functions having been 
conventionally demanded to the responsor. Meanwhile, since 
the radio communications device according to the present 
invention can secure the communication distance and also 
suppress the power consumption, a lifetime of a battery used 
as the power supply can be increased. Nevertheless, in a case 
where the radio communications device of the present invention 
is used as a responsor, the provision of a battery in the device 
increases in the weight of the responsor, and thus makes the 
device inconvenient for use. 
[0012] 

Thus, when the radio communications device of the present 
invention is used as a responsor, it is desirable that the device 
be configured to operate by receiving a power supply from a 
communication counterpart. For this reason, as set forth in 
claim 2, the power supply should be configured of: receiving 
means which receives a carrier wave for power supply, the 
carrier wave transmitted from a communication counterpart; and 
rectifying means which rectifies the carrier wave received by 
the receiving means to generate power for an operation including 
the transmission power. 
[0013] 

With this configuration, it is not necessary to provide 
a battery in the device, and thereby the size and weight of the 
device can be reduced. Moreover, in this case, the receiving 
means can be used as a single unit by designing the carrier wave 
for power supply to be the same as that for communication. 
Furthermore, by designing that an internal clock is generated 
according to the carrier wave for power supply, an oscillator 
for operating internal circuits is no longer necessary. 
Thereby, it is possible to accelerate the further reduction in 
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the size and weight of the radio communications device and power 

saving . 

[0014] 

In the meanwhile, in the radio communications device of 
the present invention, in order to increase the communication 
distance, an ON time of the switching element which supplies 
the resonance circuit with transmission power from the power 
supply should be increased. Nevertheless, if the ON time of 
the switching element is increased, the whole power consumption 
in the radio communications device is increased. For this 
reason, this ON time has to be set appropriately in view of the 
power consumption. 
[0015] 

If the transmission control means causes the ON time, for 
which the switching element is kept in its on state, to be 
excessively long in order to increase the communication 
distance, the transmission power supplied to the resonance 
circuit at the ON time is increased. This can be seen 
particularly in the case where the radio communications device 
is configured to operate by receiving a power supply from the 
communication counterpart as set forth in claim 2 . Accordingly, 
the lower-limit power at which the radio communications device 
can operate normally is also increased. As a result, the 
distance in which the radio communications device can operate 
normally by receiving a power supply from the communication 
counterpart is decreased, and the communication distance is 
rather decreased in some cases. 
[0016] 

Thus, in the case where the radio communications device 
is configured to operate by receiving a power supply from the 
communication counterpart, it is desirable that the ON time of 
the switching element be designed as set forth in claim 3. 
Specifically, the ON time in which the transmission control 
means keeps the switching element in its on state is set in a 
way that: the transmission power supplied to the resonance 
circuit when the switching element is turned on in its on state 
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is equal to or less than power calculated by subtracting power 
consumed in the device other than the transmission power from 
power received by the device from the communication 
counterpart; and moreover a distance where data can be 
transmitted to the communication counterpart with the 
transmission power supplied to the resonance circuit when the 
switching element is in its on state (in other words, energy 
accumulated in the resonance circuit), is equal to or longer 
than a distance where the device can normally operate by 
receiving the power supply with the carrier wave from the 
communication counterpart. 
[0017] 

If the ON time is set as described above, when the radio 
communications device normally operates by receiving the power 
supply from the communication counterpart, the radio wave 
transmitted from the resonance circuit according to the 
turning-on/turning-of f of the switching element is surely 
received by the communication counterpart. Furthermore, the 
power would not be consumed by the radio communications device 
more than necessary. Accordingly, it is possible to perform 
considerably efficient data transmission. 
[0018] 

Nextly, as set forth in claim 4, the radio communications 
device of the present invention can be used as a memory card 
which has a functional component including the coil built-in 
in a flat card by forming the coil on the substrate surface of 
the card, and which transmits data, as the transmission data, 
from the coil, the data having been stored in a storage element . 
[0019] 

In the case where the memory card is configured as 
described above, the present invention makes it possible to 
increase the communication distance, and thereby to expand the 
area in which the memory card can be used, while the power 
consumption is being suppressed. To put in another way, 
recently, it has been considered that a memory card (a so-called 
ID card) having a communicating function is configured as a 



10 



Tokkai.Hei. 9-321652 



commuter pass, identification, and the like so that a person 
who passes through an entrance or exit of a ticket gate of a 
station or a predetermined facility can be automatically 
checked while the user puts the memory card in the pocket or 
the like. If the radio communications device of the present 
invention is configured as the memory card as set forth in claim 
4, such a radio communications system can be easily implemented. 
[0020] 

[Embodiment Modes of the Invention] 

An embodiment of the present invention will be described 
below with reference to the drawings. Fig. 1 is a schematic 
block diagram of a communications system used to automatically 
monitor people passing through, for example, an entrance or exit 
of a ticket gate of a station or a predetermined facility, and 
to control, for example, opening and closing of the ticket gate 
or door. 
[0021] 

As shown in Fig. 1, the communications system according 
to this embodiment includes: a data reader 10 connected to an 
unillustrated monitoring apparatus; and a memory card 30 
storing, in advance, ID data to identify the user and additional 
data such as a name of a station where the user is allowed to 
pass through the ticket gate, and thus serving as a commuter 
pass or identification (ID) held by the user. Each of the data 
reader 10 and the memory card 30 has a function to transmit and 
receive data without contacting each other . Moreover, the data 
reader 10 also has a power-supply function to supply the memory 
card 30 with power for the operation, while not contacting the 
memory card 30. 
[0022] 

The data reader 10 includes: an oscillator 12 which 
generates a carrier wave for supplying the memory card 30 with 
power; an oscillator 14 which generates a carrier wave for 
transmission, the carrier wave having a freguency different 
from that of the oscillator 12; a power-supply transmitter 16 
which transmits, via a transmission antenna Al, an output 
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received from the oscillator 12; a synchronous circuit 18 which 
receives data transmitted from the unillustrated monitoring 
apparatus, and which synchronizes this transmitted data with 
the output from the oscillator 12; a modulation circuit 20 which 
modulates an amplitude of an output from the oscillator 14 using 
the transmitted data synchronized with the output from the 
oscillator 12 in the synchronous circuit 18; a transmitter 22 
which transmits the signal having been subjected to the 
amplitude modulation in the modulation circuit 20, to the memory 
card 30 via a transmission-reception antenna A2 ; a receiver 24 
which receives a signal transmitted from the memory card 30 via 
the transmission-reception antenna A2 ; and a demodulation 
circuit 26 which demodulates a signal received from the receiver 
24 using a reference clock synchronized with the output from 
the oscillator 12. The data reader 10 transmits data 
transmitted from the memory card 30, the data demodulated by 
the demodulation circuit 26 , to the monitoring apparatus . Note 
that the transmission antenna Al and the transmission-reception 
antenna A2 are resonance circuits consisting of capacitors CI, 
C2 and coils LI, L2, respectively. 
[0023] 

Meanwhile, the memory card 30 includes: a reception 
antenna Bl which receives a carrier wave transmitted from the 
transmission antenna Al of the data reader 10; a rectifier 
circuit 32 which rectifies the carrier wave received by the 
reception antenna Bl , and which generates power for an operation 
(a power-supply voltage Vcc) ; a clock generation circuit 34 
which receives the carrier wave received by the same reception 
antenna Bl, and which detects, for example, a zero-crossing 
point of this carrier wave thereby to generate a reference clock 
CK synchronized with the carrier wave; and a demodulation 
circuit 36 which receives a signal transmitted from the 
transmission-reception antenna A2 of the data reader 10 via a 
transmission-reception antenna B2, and demodulates the signal 
thus received using the reference clock CK generated by the 
clock generation circuit 34. 



12 



Tokkai.Hei. 9-321652 



[0024] 

Note that, as in the case of the antennas on the data reader 
10 side, the reception antenna Bl and the 
transmission-reception antenna B2 are resonance circuits 
consisting of capacitors C3, C4 and coils L3, L4, respectively. 
The coils L3, L4 constituting the respective antennas Bl, B2 
are each formed in the substrate surface of the memory card 30 
as a planar coil by patterning the coil or by attaching a planar 
coil to the substrate. In this embodiment, a power supply of 
the memory card 30 includes the reception antenna Bl and the 
rectifier circuit 32. The reception antenna Bl corresponds to 
receiving means of the present invention, and the rectifier 
circuit 32 corresponds to rectifying means of the present 
invention . 
[0025] 

Additionally, the memory card 30 includes a control 
circuit 40 which is configured of a microcomputer, which 
operates with the reference clock CK generated by the clock 
generation circuit 34, and which performs a predetermined 
processing operation according to data transmitted from the 
data reader 10, the data being demodulated by the demodulation 
circuit 36 . Immediately after activated, or in response to data 
transmitted from the demodulation circuit 36, the control 
circuit 40 reads, for example, ID data from a memory 42, and 
seguentially outputs the data thus read as transmission data 
to a modulation circuit 38. Meanwhile, the modulation circuit 
38, in response to the transmission data received from the 
control circuit 40, turns on/off a switching element SW disposed 
between the transmission-reception antenna B2 and a 
power-supply output line (the power-supply voltage Vcc) from 
the rectifier circuit 32. Thereby, a radio wave corresponding 
to the data transmitted from the transmission-reception antenna 
B2 is generated. 
[0026] 

In the communications system of this embodiment 
configured as described above, the data reader 10 constantly 
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transmits a carrier wave for power supply to the memory card 
30 via the transmission antenna Al . When the memory card 30 
approaches the data reader 10, the reception antenna Bl receives 
the carrier wave for power supply. Then, the rectifier circuit 
32 rectifies the carrier wave thus received, and thereby 
generates power for own operation (the power-supply voltage 
Vcc) . In the meantime, the clock generation circuit 34 
generates the reference clock CK synchronized with the received 
carrier wave. As this result, the internal circuit of the 
memory card 30 is activated, and the control circuit 40 reads 
predetermined transmission data such as ID data from the memory 
42 so as to output the data to the modulation circuit 38. 
Accordingly, the modulation circuit 38, in response to this 
transmission data, turns on/off the switching element SW to 
cause a transmission radio wave corresponding to the 
transmission data to be generated from the coil L4 of the 
transmission-reception antenna B2 . Subseguently, this 
transmission radio wave is received by the 
transmission-reception antenna A2 of the data reader 10, 
demodulated by the demodulation circuit 26, and thereafter 
forwarded to a monitoring circuit . 
[0027] 

After that, the monitoring circuit checks, for example, 
the owner of the memory card 30 on the basis of the data thus 
received, and controls the opening and closing of the ticket 
gate or door. The monitoring circuit also outputs transmission 
data to the data reader 10, as necessary, so as to make the 
transmission-reception antenna A2 transmit data to be written 
or to be read to the memory card 30 through the synchronous 
circuit 18, the modulation circuit 20 and the transmitter 22 
in the data reader 10. Meanwhile, on the memory card 30 side, 
when the data is transmitted from the data reader 10 to the memory 
card 30, the data is received by the transmission-reception 
antenna B2, demodulated by the demodulation circuit 36, and 
inputted into the control circuit 40 . Then, the control circuit 
40 writes the data into the memory 42 or reads the data from 
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the memory 42 according to the received data, and thereafter, 
as necessary, transmits data to the data reader 10 through the 
modulation circuit 38 and the transmission-reception antenna 
B2. 
[0028] 

As described above, in the communications system of this 
embodiment, the memory card 30 is activated by the carrier wave 
for power supply transmitted from the data reader 10, and 
transmits, for example, ID data to the data reader 10. Next, 
description will be given of operations of the memory card 30 
when it transmits, for example, ID data, with reference to Fig. 
2. 

[0029] 

Note that, in Fig. 2, the part (a) shows a configuration 
of a data transmission system of the memory card 30 from the 
modulation circuit 38 to the transmission-reception antenna B2 . 
The part (b) shows operations of the modulation circuit 38 . The 
part (c) shows operations of the transmission-reception antenna 
B2 on the memory card 30 side and the transmission-reception 
antenna A2 on the data reader 10 side. 
[0030] 

As shown in Fig. 2 (a) , the transmission-reception antenna 
B2 is a LC resonance circuit in which the capacitor C4 is 
connected in parallel to the coil L4. One end of the 
transmission-reception antenna B2 is grounded, and the other 
end thereof is connected to the power-supply line (the 
power-supply voltage Vcc) through the switching element SW. 
The modulation circuit 38, as shown in Fig. 2(b), seguentially 
takes in transmission data Sa, which is seguentially outputted 
from the control circuit 40 in synchronization with the 
reference clock CK, in synchronization with the reference clock 
CK. Only when the value of the transmission data Sa is 1 (High 
level), the modulation circuit 38 outputs a driving signal Sb 
with a predetermined pulse width Ton to the switching element 
SW in order to turn on the switching element SW. 
[0031] 
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Meanwhile, when the switching element SW is in its on state 
as shown in Fig. 2(c), a voltage between two edges VL4 of the 
coil L4 of the transmission-reception antenna B2 becomes egual 
to the power-supply voltage Vcc . Thus, a current IL4 calculated 
by Vccxt/L (note that, t represents a time length for which the 
switching element SW is in its on state, and L represents an 
inductance of the coil L4) flows through the coil L4, and energy 
calculated by LxiL4 2 /2 is accumulated therein. When a 
predetermined ON time Ton elapses, the switching element SW is 
turned off. Subseguently , the energy accumulated in the coil 
L4 causes the LC resonance circuit consisting of the capacitor 
C4 and the coil L4 to resonate. Thereby, a resonant current 
at a resonant freguency f 0 expressed by the following formula 
(1) flows through the coil L4, and a radio wave at the freguency 
fO is generated from the coil L4. This resonant current is 
consumed by a resistance component of the coil L4, and is 
gradually attenuated . Note that, in the following formula (1), 
C represents a capacitance of the capacitor C4 . 
[0032] 

[Mathematical formula 1] 

fO = 1/ (2XiX/{LXC)) -0) 

[0033] 

As a result, on the data reader 10 side, a voltage VL2 
corresponding to the radio wave generated from the coil L4 is 
induced to the coil L2 of the transmission-reception antenna 
A2 . With this voltage VL2, the data transmitted from the memory 
card 30 is demodulated in the demodulation circuit 26. It 
should be noted that, in this embodiment, the reference clock 
CK in the memory card 30 is generated by the carrier wave for 
power supply transmitted from the data reader 10, and the cycle 
of transmitting data from the memory card 30 is also 
synchronized with this carrier wave. Thus, when the 
demodulation circuit 26 on the data reader 10 side demodulates 
the data transmitted from the memory card 30, the voltage VL2 
of the coil L2 is taken in while synchronized with this carrier 
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wave (i.e., the output of the oscillator 12 ) . The received data 
are sequentially demodulated in a way that; the data value is 
1 if the voltage VL2 is changed at the frequency fO; and the 
data value is 0 if the voltage VL2 is constant. 
[0034] 

As described above, in the communications system of this 
embodiment, when the data is transmitted from the memory card 
30 to the data reader 10, the switching element SW is kept in 
its on state only for the specific period of time Ton in response 
to the transmitted data. Thereby, energy is saved in the coil 
L4 of the LC resonance circuit constituting the 
transmission-reception antenna B2 . Thereafter, when the 
switching element SW is turned off, the LC resonance circuit 
is caused to resonate by this accumulated energy, and the 
transmission radio wave at the resonant frequency fO is 
generated from the coil L4 
[0035] 

Accordingly, in this embodiment, a transmittable 
distance in which data can be transmitted from the memory card 
30 to the data reader 10 is determined by the ON time Ton for 
which the modulation circuit 38 as transmission control means 
keeps the switching element SW in its on state. Unlike the case 
where the memory card 30 is configured as a carrier-wave 
reflection type radio communications device in which data is 
transmitted by reflecting a transmission radio wave from the 
data reader 10, the transmittable distance is never influenced 
by a received power of the transmission radio wave from the data 
reader 10. For this reason, according to this embodiment, it 
is possible to increase the transmittable distance in 
comparison with the case where the memory card 30 is configured 
as the carrier-wave reflection type radio communications 
device . 
[0036] 

Moreover, in this embodiment, resonance of the LC 
resonance circuit is used upon transmission of data from the 
memory card 30 . Thus, it is not necessary to provide the memory 
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card 30 with an oscillator which generates a carrier wave for 
transmitting data . Accordingly, according to this embodiment, 
it is possible to simplify the device configuration, and to 
reduce the size and weight of the device in caparison with a 
case where an oscillator is provided to increase the 
transmittable distance of the memory card 30. Furthermore, it 
is not necessary to drive the oscillator, and thereby it is 
possible to suppress the power consumption. 
[0037] 

Still furthermore, in this embodiment, the carrier wave 
for power supply is transmitted from the data reader 10 to the 
memory card 30, and this carrier wave is rectified on the memory 
card 30 side. Thus, it is not necessary to provide the memory 
card 30 with a battery which generates power for the operation. 
This can also help to achieve the reduction in size and weight. 
Moreover, particularly, in this embodiment , the reference clock 
CK used in, for example, transmitting and receiving data on the 
memory card 30 side is generated by the received carrier wave 
for power supply from the data reader 10, and on the data reader 
10 side, the output from the oscillator 12 which generates the 
carrier wave for power supply is used in the transmission and 
demodulation of data. Thereby, it is possible to match the 
timing of transmitting and receiving data on the data reader 
10 side and memory card 30 side, and to perform highly accurate 
data communication. 
[0038] 

Meanwhile, the memory card 3 0 of this embodiment is 
capable of setting any transmittable distance value for which 
data can be transmitted to the data reader 10 with the ON time 
length value of the switching element SW. However, if the ON 
time Ton, for which the modulation circuit 38 keeps the 
switching element SW in its on state, is increased in order to 
increase the transmittable distance, transmission power Pr 
supplied to the transmission-reception antenna B2 during the 
On time is increased (see Fig. 3(a)). The lower-limit 
communication power under which the memory card 30 can operate 
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normally is also increased, and thus this may shorten an 
operable distance in which the memory card 30 can normally 
operate upon reception of power supply from the data reader 10 
side. The transmittable distance may be rather decreased. 
[0039] 

In other words, in this embodiment, since the memory card 
30 operates upon the reception of the carrier wave from the data 
reader 10, the power which the memory card 30 can consume is 
limited by the power received from the carrier wave. The 
received power, as shown in Fig. 3(b), varies depending on a 
distance (separation distance) between the data reader 10 and 
the memory card 30, and the received power decreases as the 
separation distance increases. Meanwhile, if the memory card 
30 does not include a capacitative element (for example, a 
capacitor Co shown by a dotted line in Fig. 1) which can 
accumulate the received power therein, the lower-limit 
communication power under which the memory card 30 can operate 
normally is the power calculated by adding: the transmission 
power Pr supplied to the transmission-reception antenna B2 
during the On time of the switching element SW; and internally 
consumed power Pi which is the sum of power consumed by the 
internal circuits. When the lower-limit communication power 
exceeds the received power, the memory card 30 cannot operate 
normally. Thus, the operable distance in which the memory card 
30 can normally operate becomes a distance (a point X shown in 
the drawing) where the received power matches the lower-limit 
communication power. 
[0040] 

On the other hand, as shown in Fig. 3(c), the transmittable 
distance in which data can be transmitted from the memory card 
30 to the data reader 10 is proportional to the transmission 
power Pr supplied to the transmission-reception antenna B2 
during the ON time of the switching element SW. Thus, the 
transmittable distance can be increased more and more by 
increasing the ON time Ton of the switching element SW to 
increase the transmission power Pr . Nevertheless, when the 
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transmission power Pr is increased, the lower-limit 
communication power is also increased. As a result, the 
operable distance which can cover this lower-limit 
communication power with the support from the received power 
is shortened. For this reason, there is a limitation to 
increase the transmittable distance by increasing the 
transmission power Pr . If the transmission power Pr is 
excessively increased in order to increase the transmittable 
distance, the operable distance in which the memory card 30 can 
normally operate is shortened, and accordingly the 
transmittable distance cannot be increased. 
[0041] 

Against this problem, in this embodiment, the ON time Ton, 
during which the modulation circuit 38 keeps the switching 
element SW in its on state, is set so as to achieve the maximum 
transmittable distance and concurrently to consume the power 
received from the data reader 10 efficiently in the memory card 
30. Specifically, the ON time Ton of the switching element SW 
is set to satisfy conditions where the transmittable distance 
from the memory card 30 is egual to or longer than the operable 
distance, and furthermore where the transmission power 
Pr=(VccxTon)7 (2xL) supplied to the transmission-reception 
antenna B2 is egual to or less than power (Eon-Pon) which remains 
after subtracting internally consumed power Pon when the 
switching element SW is in its on state, from the received power 
Eon at this time. As a result, according to this embodiment, 
it is possible to maximize the transmittable distance within 
a range in which the memory card 30 can operate normally. 
[0042] 

Note that, the above conditions are the conditions in the 
case where the memory card 30 does not include the capacitative 
element which can accumulate the received power, and where the 
memory card 30 directly consumes the received power. In the 
case, for example, where the capacitor Co for accumulating the 
received power is provided to the output line (between the 
power-supply line and the ground line) of the rectifier circuit 
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32 as shown by the dotted line in Fig. 1, the transmission power 
can be supplied to the transmission-reception antenna B2 using 
the power accumulated in the capacitor Co when the switching 
element SW is in its off state. Thereby, in this case, the ON 
time Ton of the switching element SW may be set so as to satisfy 
the condition where the transmittable distance from the memory 
card 30 is egual to or longer than the operable distance, and 
concurrently to satisfy the following formula (2). 
[0043] 

(Eon+Eof f ) - (Pon + Pof f ) > (VccxTon) 2 / (2xL) ...(2) 
Note that, in the formula (2), Eoff represents received power 
within a period of an OFF time Toff (see Fig. 2(b)) in which 
the switching element SW is in its off state during the 
transmission cycle (the cycle of the reference clock CK) at the 
time of transmitting data, while Poff represents internally 
consumed power within the same period of the OFF time Toff. 
[0044] 

Hereinabove, the description has been given of one 
embodiment of the present invention. The present invention, 
however, is not limited to the above embodiment, and it is 
possible to have various aspects. For example, in the above 
embodiment, the description has been given that the switching 
element SW is provided between the power supply line (the 
power-supply voltage Vcc) and the LC resonance circuit which 
constitutes the transmission-reception antenna B2 . 
Alternatively, it is also possible to operate the memory card 
30 in the same manner as that of the above embodiment, by 
providing the switching element SW between the ground line of 
the power supply and the LC resonance circuit 
[0045] 

Moreover, in the above embodiment, the description has 
been given that the switching element SW, which is provided 
between the power supply line and the LC resonance circuit 
constituting the transmission-reception antenna B2, is turned 
on in response to the transmission data, and that energy is 
accumulated in the coil L4 of the LC resonance circuit when the 
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switching element SW is in its on state. Alternatively, the 
following configuration, for example, may also be made as shown 
in Fig. 4(a). Specifically, a switching element SWl is provided 
between the LC resonance circuit and the power supply line (the 
power-supply voltage Vcc), while a switching element SW2 is 
provided between the coil L4 and the capacitor C4 of the LC 
resonance circuit. As in the above embodiment, the output from 
the modulation circuit 38 is directly inputted to the switching 
element SWl, while the output from the modulation circuit 38 
is inversed by an inverter INV, and then inputted to the 
switching element SW2 . 
[0046] 

By having such a configuration, as shown in Fig. 4(b), 
when the drive signal Sb (High level) is outputted from the 
modulation circuit 38, the switching element SWl becomes in its 
on state, and the switching element SW2 becomes in its off state . 
Thereby, the drive signal Sb (High level) from the modulation 
circuit 38 causes the power-supply voltage Vcc to be applied 
to the capacitor C4 via the switching element SWl, and energy 
of CxV 2 /2 is accumulated in the capacitor C4 . In this case, 
the drive signal Sb from the modulation circuit 38 becomes Low 
level. When the switching element SWl gets turned off, 
simultaneously the switching element SW2 gets turned on, and 
thus a closed loop in the LC resonance circuit is formed. 
Accordingly, the LC resonance circuit resonates, resonant 
current flows through the coil L4, and a transmission radio wave 
at a freguency of fO is generated from the coil L4 . Thus, in 
this configuration, it is also possible to generate a radio wave 
corresponding to data transmitted from the 
transmission-reception antenna B2, and to transmit the data to 
the data reader 10, as in the above embodiment. 
[0047] 

Furthermore, in the above embodiment, the description has 
been given of the amplitude modulation-type communications 
device. In the device, when the value of the transmission data 
is 1 (High level), the drive signal Sb with the predetermined 
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pulse width synchronized with the reference clock CK is 
outputted from the modulation circuit 38, and the switching 
element SW gets turned on/off. Thereby, a transmission radio 
wave at the resonant frequency fO is generated only when 
transmission data from the coil L4 has the value 1. 
Alternatively, according to the present invention, the purpose 
thereof can also be easily achieved with a frequency 
modulation-type communications device in which transmission 
radio waves have different frequencies between the cases where 
the value of the transmission data is 1 and where the value 
thereof is 0. 
[0048] 

To be more specific, as shown in Fig. 5(a), a switching 
element SWa is provided between the power supply line (the 
power-supply voltage Vcc) and the LC resonance circuit 
constituting the transmission-reception antenna B2 . The 
capacitor C4 of the LC resonance circuit is connected, in 
parallel, to a series circuit consisting of a capacitor C5 and 
a switching element SWb. Moreover, the reference clock CK is 
inputted into the modulation circuit 38, and thus the modulation 
circuit 38 outputs a drive signal which becomes a High level 
for a certain period in synchronization with the reference clock 
CK. Then, this drive signal causes the switching element SWa 
to be turned on. Meanwhile, the switching element SWb directly 
receives the transmission data which is outputted in 
synchronization with the reference clock CK from the control 
circuit 40. 
[0049] 

Accordingly, in such a configuration, as shown in Fig. 
5(b), the switching element SWa gets turned on and off 
repeatedly in synchronization with the reference clock CK. 
Thus, the LC resonance circuit also repeatedly resonates in 
synchronization with the reference clock CK . Moreover, the 
switching element SWb gets turned on only when the value of the 
transmission data is 1. Thus, this makes the capacitor C4 of 
the LC resonance circuit be connected in parallel to the 
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capacitor C5 only when the value of the transmission data is 
1 . Thereby, although a resonant current IL4 flows through the 
coil L4 of the transmission-reception antenna B2 in 
synchronization with the reference clock CK, the freguency of 
the resonant current IL4 varies depending on the transmission 
data, and thus the coil L4 generates a radio wave having been 
subjected to freguency modulation so that the freguency may be 
fO or fl (cycle: ZXTO or ATI) depending on the transmission data. 
Thus, on the data reader 10 side, it is possible to accurately 
demodulate the data depending on the freguency fO, fl or the 
cycle ATI, AT2 of the voltage induced to the 
transmission-reception antenna A2 . 
[0050] 

It should be noted that, in this case, when the value of 
the transmission data is 0, the switching element SWb is in its 
off state, and only the switching element SW1 gets turned on 
according to the reference clock CK. Thereby, the resonant 
freguency fO is represented by the aforementioned formula (1) 
as in the above embodiment. When the value of the transmission 
data is 1, both the switching elements SWa and SWb get turned 
on according to the reference clock CK, and thus the resonant 
freguency f 1 is represented by the following formula (3) . Note 
that, in the following formula (3), Cx represents a capacitance 
of the capacitor C5. 
[0051] 

[Mathematical formula 2] 

fl=l/|2XiX/TLX(C+Cx))l -0) 

[0052] 

Still furthermore, in the above embodiment, the 
description has been given of the case where the present 
invention is applied to the memory card 30 which transmits ID 
data and the like upon the reception of the power supply from 
the data reader 10. However, the present invention is also 
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applicable to a battery built-in-type radio communications 
device or a radio communications device which simply transmits 
data, as long as the device transmits data. In other words, 
the present invention is applicable to any radio communications 
device as long as the device transmits data. Thereby, it is 
possible to simplify the device configuration, so as to reduce 
the power consumption and to expand the data-transmittable 
distance . 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a schematic block diagram showing 
configurations of a data reader and a memory card used in a 
communications system of an embodiment . 

[Fig. 2] Fig. 2 is an explanatory drawing for explaining a 
configuration and operations of a data transmission system of 
the memory card. 

[Fig. 3] Fig. 3 is an explanatory drawing for explaining 
communications properties of the memory card. 
[Fig. 4] Fig. 4 is an explanatory drawing for explaining a 
second configuration example and an operation of a data 
transmission system of a memory card. 

[Fig. 5] Fig. 5 is an explanatory drawing for explaining a third 
configuration example and an operation of a data transmission 
system of a memory card. 
[Description of Reference Numerals] 

10. ..data reader 12. ..oscillator 14. ..oscillator 16. ..transmitter 
18. ..synchronous circuit 20. ..modulation circuit 

22. ..transmitter 24. ..receiver 2 6. ..demodulation circuit 

30. ..memory card 32. ..rectifier circuit (rectifying means) 
34. ..clock generation circuit 36. ..demodulation circuit 

3 8. ..modulation circuit (transmission control means) 
40. ..control circuit 42. ..memory Bl... reception antenna 

(receiving means) B2... transmission-reception antenna (LC 
resonance circuit) C4...capacitor L4...coil 

SW, SW1, SW2, SWa, SWb...switching element 
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